Two experiments were conducted to determine the effect of soybean meal in postweaning diets on villus height (VH), villus shape and lamina propria depth (LPD) in the small intestine. Intestinal samples were taken at 25, 50 and 75% of the small intestine's length. The first experiment determined the normal effects of age on these structures in nursing pigs from 9 to 36 d of age. Villus height decreased (P < .01 at the 50 and 75% locations) and LPD increased (P < .01 at the 25% location) in a quadratic fashion with increasing age. In the second experiment, pigs were weaned at 21 d of age and fed one of three 20% protein diets: 1) protein from hydrolyzed casein (CAS), 2) soybean meal (SBM) or 3) a conventional corn-soybean meal diet (CSBM). Intestinal samples were taken 0, 3, 6, 9, 12 and 15 d post-weaning. Villus height decreased dramatically the first 3 d postweaning, with a continuing decline until 12 d post-weaning. Averaged over the d 3 to 15 interval, VH were generally greater for pigs fed CAS than for pigs fed CSBM or SBM. Pigs fed SBM or CSBM had deformed villi, and pigs fed SBM had greater (P < .05) LPD at all intestinal locations, suggesting less mature enterocytes on the villi. These data suggest that feeding high concentrations of soybean meal to the pig post-weaning has a detrimental effect on the small intestine, but this effect was minimized when soybean meal was fed as part of a corn-based diet.
Introduction
Weaning has been shown to cause changes in the morphology of the small intestine of pigs (Kenworthy and Allen, 1966; Kenworthy, 1976; Hampson, 1986a,b; Miller et al., 1986) . These changes include reduction in villus height (an indication of enterocyte destruction), increased depth of the lamina propria (an indication of crypt depth, cellular proliferation and maturity of villus enterocytes), reduced disaccharidase concentrations and reduced absorption. Damage of the intestinal epithelium can be caused by rotavirus and E. coli pathogens (Leece et al., 1982) , but several workers (Kenworthy et al., 1967; Miller et al., 1984a,b; Hampson, 1986b) have shown that decreased villus height and increased lamina propria depth are not dependent solely on the presence of pathogenic organisms in the intestine. Miller et al. (1984a,b) suggested that a transient hypersensitivity response to dietary antigens may be the predisposing factor causing these changes.
In preruminant calves, feeding properly heated soy flours caused the same detrimental changes in small intestinal structure found in pigs post-weaning; it also caused an immune response to soybean protein (Barratt et al., 1978; Kilshaw, 1981) . Soybean meal is the most common high-protein feedstuff fed to pigs post-weaning. The antigenicity of soybean 1855 meal for young weaned pigs had been investigated (Newby et al., 1984; Giesting et al., 1986) , but results are contradictory.
The effect of soybean meal in the postweaning diets on intestinal microscopic anatomy has not been reported. This research was conducted to determine the effects of dietary soybean meal on villus height, lamina propria depth and area of Peyer's patches in the small intestine of the early-weaned pig.
Experimental Procedure
Twenty-eight healthy crossbred pigs, seven from each of four litters, were selected for Exp. 1 to determine the histological structure of the small intestine of nursing pigs from 9 to 36 d of age. These pigs were the offspring of Landrace-Yorkshire crossbred sows and Duroc-Hampshire crossbred boars. Normal management practices were followed in the care of the pigs. At 2 d of age, each pig was injected with 100 mg of Fe dextran, and boars were castrated. Sows were fed a 14% CP sorghum-soybean meal diet twice daily. Feeding was limited to two 30-min intervals, and pigs were not allowed access to the sow's diet. Creep feed was not provided. The sows and pigs were housed in an environmentally regulated farrowing house with conventional crates over woven wire flooring.
One pig from each litter was selected at random at 9, 18, 24, 27, 30, 33 and 36 d of age. Pigs were pre-anesthetized b~r injecting 10 mg of ketamine hydrochloride '~ i.m. Halothane 5 was administered via a face mask to obtain a surgical plane of anesthesia. Following intestinalectorny, the small intestine was placed immediately in physiological saline solution and the mesenteric web was cut, allowing it to be laid out straight. Samples were taken at 25% (terminal duodenum), 50% (mid-jejunum), 75% (distal jejunum) and 100% (terminal ileum) along the small intesfine's length (gastric pylorus to the ileocecal sphincter). The 25%, 50% and 75% samples were split along the mesentery and pinned flat 4Ketaset. Veterinary Products, Bristol Laboratories, Syracuse, NY.
5Halocarbon Laboratories, Inc., Hackensack, NJ. 6MOP-Videoplan with standard software version 5.41, Kontron Bildanalyse, Kontron Elektronik Gruppe, Munich, West Germany.
7Lutalyse, 5 mg/ml, Upjohn Co., Kalamazoo, MI.
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with toothpicks (lumen facing out) to balsa wood and then inverted and immersed in Bouin's fixative. The 100% samples were kept intact and fixed in a similar manner. No more than 5 min elapsed from intestinalectomy until placing the samples in the fixative. At the end of 8 h, the samples were removed from the fixative, cut into 1-cm 2 sections (three per location) and washed in 50% ethyl alcohol. All samples were stored in 70% ethyl alcohol until dehydrated in 100% ethyl alcohol and cleared in xylene. The tissues were embedded in paraffin, and 6-ktm cross-sections (three per sample) were stained with hematoxylin and eosin. All histological procedures were performed as described by Luna (1968) . A Ziess Videoplan 26 was used to measure villus height (VH) and lamina propria depth (LPD) from the 25%, 50% and 75% samples, and the total area of Peyer's patches (PP) was measured on the 100% samples. Only those villi attached to the lamina propria and with well-defined tips were measured. The lamina propria measurements extended from the base of the villus to the muscularis mucosae. Ten VH and 10 LPD measurements were taken from each of the three sections. The average of the 30 LH and LPD measurements and the average of the three PP areas were used as the experimental units.
The data from Exp. 1 were analyzed using the GLM procedure of SAS (1984) , with the model including the effects of litter and age. Additionally, the type of response (linear, quadratic or cubic) that best described the effect of increasing age on VH and LPD was determined using the REG procedure of SAS (1984) .
Experiment 2 followed a 3 • 6 factorial design and evaluated the effects of three postweaning diets on small intestinal histomorphology at five ages post-weaning (the sixth age was at weaning prior to imposition of the dietary treatments).
Seventy-two pigs (12 litters of six pigs each) were used. The dams of these litters had been injected with 10 mg of prostaglandin F2 ~7 when they were all between 112 and 114 d of gestation, so that all pigs were born within a 24-h period.
The management procedures for the sows and pigs in Exp. 2 were the same as in Exp. 1 except that pigs were weaned at 21 d of age. The day before weaning, pigs were allotted to three outcome groups; each group consisted of six subgroups corresponding to the slaughter ages of 0, 3, 6, 9, 12 and 15 d post-weaning. From each litter, six pigs were used. Two pigs from each litter were assigned to each outcome group (diet) with the restriction that no two pigs within a single litter were assigned to the same subgroup (slaughter age). Thus, litter mates were distributed across diets and slaughter ages. Initial weight also was equalized across outcome groups as much as possible. Outcome groups were assigned randomly to diets. One pig was injured after allotment, so a pig from that litter was not slaughtered on d 21.
The pigs were housed in groups of four in an environmentally regulated nursery mainrained at 26 to 29~
The pens (1.4 x 1.5 m) had woven wire flooring over a shallow, water-filled pit. The pigs were started on the experimental diets at weaning with feed and water (nipple waterers) available ad libitum. Individual pig weights were obtained at weaning, and individual pig weights and feed intake data were obtained every 3rd d until the end of the experiment. Subjective fecal scores were assigned to each pen daily starting at weaning, with a score of 1 being solid, 2 being somewhat runny and 3 being profuse, almost totally liquid.
The same tissue preparation and histological procedures were followed in Exp. 2 as in Exp.
1, except that there were only two sections per tissue sample. The average VH and LPD we determined using 20 measurements, rather thaa 30, and the average PP area was based on two, rather than on three, sections.
The three diets were formulated to contain 20% CP, .8% Ca and .6% P ( Table 1) . The mineral and vitamin prenfixes were fonnu- lated to assure that diets met or exceeded NRC (1979) requirements for these nutrients. The premixes did not contain any additional protein. Diet 1 (CAS) was a semi-purified diet based on hydrolyzed casein, cornstarch, dextrose, cellulose and soybean oil. Hydrolyzed casein was used because Miller et al. (1984a) reported that a similar diet had lower immunogenicity and caused smaller decreases in VH and LPD post-weaning than did a diet based on native casein. Diet 2 (SBM) was similar to diet 1 except that soybean meal was substituted on a protein basis for casein and part of the cornstarch. Diet 3 (CSBM) was a cornsoybean meal diet, typical of diets used in commercial swine production. The corn had been ground in a hammermill 8 through a 3.2-mm screen prior to mixing. Three 22.7-kg batches of each diet were prepared using a bowl-type mixer 9.
The protein, moisture (AOAC, 1975) and amino acid content of the corn, soybean meal and casein were determined prior to diet formulation. Amino acid concentrations were determined following acid hydrolysis (6 N HC1 for 24 h with constant N2 flushing) using an amino acid analyzer 10. The urease content (AOCS, 1970) of the soybean meal also was determined. All analyses (Table 2) Pigs slaughtered on d 12 post-weaning and fed CAS had low feed intake and lost body weight throughout the 12-d period; their intestinal measurements also appeared to be abnormal. For these reasons, data from this diet on this date were not included in the statistical analyses.
The data from Exp. 2 were analyzed initially using a model that included the effects of diet, age and the interaction of diet x age. In this analysis, data from pigs slaughtered at weaning were omitted because dietary treatments had not been imposed. The pigs within pens term was used to test the diet x age interaction. When the diet x age interaction was not significant (P > .25), the diet x age mean square was used as the error term for testing diet effects. Duncan's Multiple Range Test was used to separate the diet means when significant (P < .05) diet effects were found. In an additional analysis that included data for all ages, linear and quadratic effects of age on VH, LPD and area of PP were determined. The GLM procedure of SAS (1984) was used for all analyses.
Results and Discussion
Average VH, LPD and PP are shown in Table 3 for each of the six ages evaluated in Exp. 1. Villus height at all three intestinal locations decreased consistently from d 9 to d 30. The effect of age on VH was quadratic (P < .01) for the 50 and 75% locations, but was nonsignificant (P > .15) for the 25% location.
The LPD measurements were not affected so greatly by age as were VH, although LPD tended to become deeper with increasing age. This effect was quadratic (P < .01) for the 25% location and tended to be linear for the 50 (P = .11) and 75% (P = .12) locations. In general, these data indicate that VH shortens and LPD increases during the first 36 d of age for pigs continuing to nurse. Miller et al. (1986) reported shorter VH and greater LPD for 6-wk-old than for 4-wk-old nursing pigs. Hampson (1986a) also found increases in LPD of nursing pigs from 21 to 32 d of age, but they did not find so consistent a decrease in VH as we found here.
The PP measurements were lowest at 9 d of age, but at all subsequent ages they were extremely variable and followed no pattern, although the average area from d 18 to 36 was almost twice that of d 9. This increase may be a normal process of the local immune system's maturation in the small intestine. No diarrhea was observed in any of these pigs throughout the trial.
For Exp. 2, cumulative feed intake and weight gains for each pen of pigs at their slaughter age are shown in Table 4 . As expected, feed intake was lowest immediately post-weaning and increased with age. Differences in gains generally reflected differences in feed intake. Whether the differences in feed intake among the diets at each slaughter age affected VH and LPD cannot be determined. Hampson (1986b) reported that pigs fed a liquid milk replacer at frequent intervals postweaning had reduced VH and intestinal sucrase and lactase activities that were not different from those pigs fed a conventional starter diet that was consumed in smaller amounts.
Incidence of diarrhea was lowest for pigs fed CAS, with no observation of profuse diarrhea. The pigs fed SBM had profuse diarrhea, which generally was worse from 6 to 12 d post-weaning; the incidence of diarrhea for pigs on the CSBM diet were intermediate to the CAS and SBM diets. All of the pigs' feces returned to a relatively solid state by d 15 post-weaning.
Villi shortened dramatically on all diets during the first 3 d post-weaning (Table 5) . Because the reductions were much greater than the reductions between d 18 and 24 in Exp. 1, and because the effect occurred on all diets, this effect likely was caused by weaning and exposure to diet, rather than to increasing age or to intake of a special diet. The effect of age on VH was quadratic (P < .01) at all locations. Mean VH was shortest on d 6 at the 50 and 75% locations but continued to decline through d 12 at the 25% location. At all locations, d-15 values were larger than d-12 values, indicating that partial recovery had occurred.
Weaning had a minimal effect on average LPD at the 25 and 50% locations; values on d 3 were very similar to values on d 0. The LPD increased at the 75% location between weaning and d 3. Thereafter, the general trend was for LPD to increase in depth, although the average increases were small. The effect of age on LPD was nonsignificant (P > .10) for the 25% location, linear (P < .01) for the 50% location and quadratic (P < .01) for the 75% location. Area of PP was not affected consistently by age.
The large decrease in VH soon after weaning has been reported by several workers (Kenworthy and Allen, 1966; Hampson, 1986a,b; Miller et al., 1986) . Hampson (1986a) aValues are means for four pigs, with the exception of d 0 values for SBM, which are means for three pigs. The diet • age (d 3 to 15) interactions were nonsignificant (P > .25) except for villus height at the 25 (P =. 15) and 75 % (P = .2 I) locations. bCAS = casein diet; CSBM = corn-soybean meal diet; SBM = soybean meal diet.
CQuatlratic effect of age (d 0 to 15), P < .01. dLinear effect of age (d 0 to 15), P < .01. eData for pigs on CAS treatment deleted due to poor performance.
fValue for CAS differs from others (P < .05). gValues for SBM are different (P < .05) from those of CAS and CSBM.
found severe villi shortening by 1 d postweaning, and villi continued to shorten until about d 5 post-weaning, which is consistent with the minimal VH found by d 6 postweaning in the present study. The general increase in LPD post-weaning found in our study also is supported by results of Harnpson (1986a,b) and Miller et al. (1986) .
The diet x age interactions in Exp. 2 were nonsignificant (P > .25) with the exceptions of VH at the 25 (P = .15) and 75% (P = .21) locations. At these locations, VH of pigs fed SBM and CSBM followed the same general pattern with increasing age, but VH of pigs fed CAS did not; the decrease in VH on d 3 was essentially the same for all pigs regardless of diet, but at subsequent ages, VH of pigs fed CAS, in most instances, were greater. Villus height at the 50% location was greater (P < .05) for pigs fed CAS than for pigs fed CSBM or SBM. Although the interaction of diet and age precludes statistical comparisons across diets for the 25 and 75% locations, VH at both locations also were greater for pigs fed CAS. Differences in villus structure were found among the diets. The villi of pigs fed CAS (Figure 1 ) and those of pigs in Exp. 1 tended to be more slender than the villi of pigs fed SBM. The villi of pigs fed SBM often were flattened, club-shaped and fused to one another. Villus structure of pigs fed CSBM were intermediate to those of pigs fed CAS and SBM.
At all intestinal sites, LPD were greater (P < .05) for pigs fed SBM than for pigs fed CAS or CSBM when averaged over the total trial. This effect occurred by the 3rd d post-weaning and was found at all slaughter ages except d 12 at the 25% location and d 6 at the 50% location. An increase in LPD indicates less mature enterocytes on the villus (Hampson, 1986a) , and these immature enterocytes have been shown to have lowered lactase and ctglucosidase activities (Miller et al., 1986) .
Results of Exp. 2 indicate that changes in the intestinal mucosa post-weaning are dependent, at least in part, on the diet fed to pigs. Changes in VH and LPD and structure of the villi were least affected by the CAS diet. This finding is consistent with results of Miller et al. (1984a) and Hampson (1986b) , who also found smaller decreases in VH and smaller increases in LPD from feeding a diet based on hydrolyzed casein compared to a diet containing native casein. Hampson (1986b) also reported increased crypt depth post-weaning from feeding a commercial starter compared to the diet based on hydrolyzed casein.
The greatest effects on intestinal microscopic anatomy occurred from feeding the SBM diet. In addition to malformed villi and increases in LPD, noted above, there also were indications of increased immunological activity occurring in the intestinal wall. Subjective observations indicated a higher concentration of lymphocytes and plasma cells in the lamina propria of pigs fed SBM than in pigs fed CAS or CSBM. Although PP can be found anywhere in the small intestine, only in the SBM pigs were they found other than in the ileum. Newby et al. (1984) have suggested that an immune response at the intestinal level from dietary antigens may be the cause of postweaning diarrhea and changes in intestinal structures. They also reported that feeding weaned pigs properly heated "full-fat soya protein extract" as the only protein source caused diarrhea, reduced xylose absorption and caused an immune response to soya antigen, as measured by changes in ear thickness following injection of a saline-extracted soya antigen. These effects were greatest 5 d postweaning but returned to preweaning levels by d 11 or 13. Giesting et al. (1986) , however, did not find differences in post-weaning skin fold thickness (after injecting a soy extract) of pigs receiving jeither soybean meal or fish meal as the sole source of dietary protein. Although the conflicting results of Newby et al. (1984) and Giesting et al. (1986) do not make it possible to conclude that feeding soybean meal postweaning causes a systemic immune response, a local immune response at the intestinal level to antigens in soybean meal may have occurred. Feeding preruminant calves soy products heated to destroy antinutritional factors results in shortening of the villi, increases in lamina propria depth and an immune response to soy antigens (Barratt et al., 1978; Kilshaw, 1981) .
Changes in intestinal histomorphology postweaning were not so large for pigs fed the CSBM as for pigs fed SBM. This may have been due to the lower concentration of soybean meal in the diet, to the lower amount of ingested soybean meal, or possibly to some direct mediating effect of corn. Regardless of the cause, it appears that the detrimental effects of soybean meal are minimized when it is fed as part of a corn-based diet.
In summary, villus shortening and increased LPD occur normally in nursing pigs as they grow older. Weaning caused a dramatic reduction in VH by d 3 post-weaning, and VH continued to decrease until d 6 or 12 postweaning. Feeding soybean meal either as the sole protein source or as part of a corn-based diet resulted in malformed villi. The SBM diet also increased LPD post-weaning, suggesting less mature enterocytes on the villus, which would be expected to have lower digestive capacity. Because increased LPD was not found for pigs fed the CSBM diet, it appears either that com had a direct mediating effect or that a high concentration (or intake) of soybean meal is needed to cause detrimental effects. 
Implications
Changes in small intestinal morphology due to weaning and to the type of postweaning diet may be partially responsible for the diarrhea and poor performance often observed in early weaned pigs. By determining the causes of these morphological changes, it may be possi: ble to alleviate the detrimental effects and improve post-weaning performance.
